The use of waste arising from agroindustrial activities, such as cassava wastewater, has been steadily implemented in order to reduce environmental pollution and nutrient utilization. The aim of this study is that the changes in chemical properties of dystrophic redyellow latosol (oxisol) were evaluated at different sampling times after reuse of cassava wastewater as an alternative to mineral fertilizer in the cultivation of sunflower, hybrid Helio 250. The experiment was conducted at the Experimental Station of the Agricultural Research Company of Pernambuco (IPA), located in Vitória de Santo Antão. The experimental design was randomized blocks with 6 × 5 subplots; six doses of cassava wastewater (0; 8.5; 17.0; 34.0; 68.0; and 136 m 3 ha −1 ); and five sampling times (21, 42, 63, 84, and 105 days after applying the cassava wastewater), with four replications. Concentrations of available phosphorus and exchangeable potassium, calcium, magnesium and sodium, pH, and electrical conductivity of the soil saturation extract were evaluated. Results indicate that cassava wastewater is an efficient provider of nutrients to the soil and thus to the plants, making it an alternative to mineral fertilizers.
Introduction
Currently, the world's largest producer of cassava is Nigeria, with 52,403 million tons, followed by Brazil and Indonesia, whose productions were 25,441 and 24,010 million tons, respectively [1] . Of the total cassava production in Brazil, 20% is allocated to the starch industry, which has a high technological level, and about 80% goes to flour mills, which employ traditional methods to obtain table flour [2] .
Solid and liquid wastes are by-products generated during the processing of cassava into flour and starch. Compared to other liquid wastes, cassava mill wastewater has high organic load, linamarin, which is a cyanogenic glycoside that can generate hydrocyanic acid (HCN) and minerals [3, 4] and acidic pH [5] ; therefore it is considered a highly polluting and toxic waste, presenting a serious threat to the environment and the quality of communities living next to cassava mills.
The indiscriminate disposal of cassava mill wastewater in water bodies can reduce the availability of dissolved oxygen, and its release to the soil can disturb the balance between nutrients, increase salinity, and decrease pH [6] . However, as many nutrients are part of the composition of agroindustrial residues such as cassava mill wastewater, its use may be justified as the reuse of waste for agricultural purposes can promote the economy of natural resources and improve environmental quality [7] .
Several studies have been conducted in Brazil in order to demonstrate that cassava mill wastewater can be effectively used as a source of fertilizer, contributing to the development of cultivated plants without any harmful effects on the soil. In a pioneering research with the application of cassava mill wastewater, a significant increase in the levels of exchangeable potassium and phosphorus was observed in soil cultivated with cassava compared to the surrounding control soils, without deleterious effects on the soil and crop [8] . There was an increase in fertility in soil treated with cassava mill wastewater for the cultivation of lettuce and banana [3, 9] , with no report of adverse effects on plants. A study of the possible use of cassava mill wastewater as an agricultural resource under laboratory conditions revealed that the concentration of exchangeable calcium, magnesium, potassium, and sodium increased linearly in three typical soils of Minas Gerais, spodic Orthic Quartzarenic Neosol with moderate A horizon, typical dystrophic yellow Latosol (Xanthic Hapludox) with moderate texture of A horizon, and typical dystrophic red-yellow Latosol (typical Hapludox) very clayey, alic mesoferric, with moderate texture of A horizon, treated with cassava wastewater [10] .
In other studies, significant changes were found in the physicochemical properties of soils located in rural areas of Nigeria, caused mainly by the indiscriminate release of untreated cassava wastewater into soils [4, 5] . The authors observed increased acidity and concentration of hydrocyanic acid in these soils. Soil pH is one of the major factors that influence the availability of nutrients and mineralization of organic matter [11] .
Thus, in this study, the changes in chemical properties of dystrophic red-yellow latosol (oxisol) were evaluated at different sampling times after the reuse of cassava wastewater as an alternative to mineral fertilizer in the cultivation of sunflower.
Materials and Methods
The experiment was conducted in Vitória de Santo Antão, Pernambuco, Brazil, located at geographical coordinates 8 ∘ 6 50 south and 35 ∘ 17 29 west and altitude of 146 m above sea level ( Figure 1) ; according to Köppen, the climate fits the type As' , called hot and humid tropical with two clearly defined alternating seasons: the rainy season, which occurs from January to June, and dry season, which occurs from July to December.
The soil was classified as dystrophic red-yellow latosol (oxisol) [12] , and, in order to characterize its physical and chemical properties, four simple samples were collected from each block using a soil auger at 0.00 m to 0.20 m depth. Subsequently, the samples were air dried, crushed, and sieved through a 2 mm mesh and homogenized to form two composite samples for each block. Physical and chemical properties of the soil to be planted with sunflower (Table 1) were analysed following the methods described in EMBRAPA [13] . A drip irrigation system was used made of flexible 16 mm tubes and emitters spaced at 0.20 m and a flow rate of 1.0 L h −1 . The irrigations were performed daily, based on crop evapotranspiration (ETc) rate, which was estimated by multiplying the reference evapotranspiration (ETo) by the crop coefficient (Cc) and location coefficient (Lc). Kc values corresponding to each stage of sunflower development were those proposed for sunflower crops by the Food and Agriculture Organization (FAO), and Lc was determined at the beginning of the cycle from the wet area and the coverage area. The ETo was estimated according to the HargreavesSamani method using data collected at the Center for Weather Forecasting and Climate Studies weather station (CPTEC/INPE), located in the municipality of Vitória do Santo Antão.
During the entire crop cycle (90 days) an irrigation depth of 357 mm was applied. The preparation of the planting area consisted of plowing and harrowing. A hybrid sunflower Helio 250 was used, and seeding was performed directly by placing 5 seeds per pit and, after their germination, thinning was carried out leaving only one plant per pit. During the experiment, the culturing practices consisted of hand weeding and pest control using natural pesticide (neem extract) and manual scavenging.
The experimental design was a complete randomized block with 6 × 5 subplots; six doses of cassava mill wastewater (0; 8.5; 17.0; 34.0; 68.0; and 136 m 3 ha −1 ); and five sampling times (21, 42, 63, 84 , and 105 days after applying the cassava wastewater), with four replications. Each block contained six experimental plots consisting of four rows 6 m long and spaced 1 m apart, and plants were spaced 0.20 m apart. In each plot, a total of 120 plants were planted, which equates to a planting density of 50,000 plants per hectare. The useful area per plot was equal to 10.4 m 2 ; the 52 plants located in the two central rows were evaluated. The two outer rows and two plants from each end of the rows were considered as borders.
The Scientific World Journal 3 The optimal dose of cassava mill wastewater to be applied to the soil was calculated based on the potassium content found in the residue and the soil as well as the requirement of this nutrient by sunflower crops, and according to the recommendation proposed in Ribeiro et al. [14] . The remaining doses were calculated based on the optimal dose multiplied by factors two, four, eight, and sixteen of the initial dose. No mineral fertilization or liming was carried out during the experiment in order to evaluate only the effect of the cassava wastewater on the crop. Doses of cassava wastewater were applied to the soil once, and seeds were planted 15 days later to avoid the toxic effects of cyanide on seed germination.
The cassava mill wastewater that was used in the treatments originated from the pressing of cassava roots used for the manufacture of table flour in a flour mill located in the Municipality of Pombos, PE. Collection, storage, and characterization of physical and chemical parameters (Table 2) were performed according to the methodology proposed by Richards [15] .
Characterization of soil chemical properties was performed according to the methodology described in EMBRAPA [13] , and the following parameters were determined: levels of exchangeable P, K, and Na were obtained by Mehlich-1 extracting solution (HCl 0.05 mol
0.0125 mol L −1 ) followed by colorimetry and flame photometry, respectively; and exchangeable Ca and Mg were obtained by KCl 1 mol L −1 extraction solution followed by atomic absorption spectrometry. To determine the pH and the electrical conductivity of the soil saturation extract (CE), saturated paste was prepared according to the method proposed by APHA [16] . CE was determined by electrometric method and the pH of water by potentiometric method [13] . The data of sunflower fresh and dry matter yield of over-ground plant parts was performed according to the methodology described in BENICASA [17] . The obtained data were subjected to analysis of variance and regression with significance levels of 5% for the test. 
Results
Correlation between the factors Doses and Sampling times ( < 0.05) was detected for pH and exchangeable Mg and Na (Table 3 ). All examined chemical soil attributes were correlated ( < 0.05) with the isolated factors Doses and Sampling times, except the available phosphorus that was significantly influenced only by the factor Sampling times alone ( Table 3 ). The concentration of available phosphorus in the soil ( Figure 2 ) was significantly correlated with the Sampling time, with a decreasing linear trend and values equal to 9.45 mg dm −3 and 6.42 mg dm −3 at 21 and 105 days after application of cassava wastewater to the soil, respectively, showing a decrease of 32% probably caused by its absorption by plants during the growing cycle.
The exchangeable potassium in soil was significantly influenced by the isolated factors Doses and Sampling time (Figures 3(a) and 3(b)). The nutrient concentration data, depending on the Doses and Sampling times, followed an increasing and decreasing linear model, respectively. The exchangeable potassium in the soil increased from 0.31 cmol c dm −3 to 1.08 cmol c dm −3 due to the application of cassava doses that were equal to 0 and 136 m 3 ha −1 , respectively; however, we found that this nutrient decreased during the course of sunflower cultivation. At 21 and 105 days after the application of cassava wastewater (DAM), exchangeable potassium concentrations were equal to 0.88 and 0.34 cmol c dm −3 , respectively. In addition to exchangeable potassium, the cassava mill wastewater contained considerable concentrations of exchangeable magnesium, sodium, and calcium, in the following order: Mg > Na > Ca.
The exchangeable calcium in the soil was significantly correlated with the factors Doses and Sampling times alone; 4 The Scientific World Journal Exchangeable potassium in the case of the other two exchangeable cations, magnesium and sodium, there was an interaction between the two factors alone.
In Figure 4 (a), one can observe that the data of exchangeable calcium correspond to a positive quadratic polynomial model as a function of the application of increasing doses of cassava to the ground and to a decreasing linear model as a function of the extension of the sampling times (Figure 4(b) ). The largest estimated value of exchangeable calcium in the soil, 2.90 cmol c dm −3 , corresponds to the estimated dose of 90.5 m 3 ha −1 , with a decrease in concentration in the soil as higher doses were applied. As for the sampling times Figure  ( 4(b) ), it was found that the concentration of exchangeable calcium in the soil decreased by approximately 22%, from 2.97 to 2.43 cmol c dm −3 at 21 and 105 days of cultivation, respectively.
There was a correlation between the isolated factors Doses of cassava water and Sampling times and the levels of exchangeable magnesium and sodium (Figures 5(a) and  5(b) ). The data shown in Figures 5(a) and 5(b) indicate that the interaction between the two factors alone was significant only at 63 days after the application of wastewater, with maximum concentrations of exchangeable magnesium and sodium estimated by the quadratic polynomial regression equations, equal to 3.08 and 0.73 cmol c L −1 , respectively, corresponding to an estimated dose of 108 m 3 ha −1 wastewater and 60 m 3 ha −1 for exchangeable magnesium.
The electrical conductivity of the soil saturation extract was correlated with the isolated factors doses of cassava wastewater and sampling times, and the data of this attribute fit an increasing linear trend as a function of both doses of cassava wastewater and sampling times (Figure 6(b) ). When analyzing Figure 6 According to obtained data ( Figure 7 ), a significant correlation between soil pH and increasing doses of cassava wastewater was detected only at 21 days after the application of cassava wastewater (DAM); therefore, the pH data fits a positive quadratic model and depends on the application of increasing doses of wastewater. At 21 days after the application of cassava wastewater (DAM), the soil pH, estimated by the regression equation, in the absence of cassava (0 m 3 ha −1 ) was 7.20; addition of increasing doses of cassava wastewater increased the pH to a maximum value of 7.81, which corresponds to the application of the maximum dose (136 m 3 ha −1 ) of wastewater.
Data analysis (Table 4) shows that sunflower morphological variables and yield components were significantly ( < 0.01) affected by the cassava wastewater doses. The increase in sunflower capitulum and in fresh and dry matter yield of over-ground plant parts showed linear growth as the cassava wastewater increased (Figures 8(a), 8(b), 8(c), and 8(d) ). The maximum and minimum profits in fresh over-ground plant parts were predicted by the regression models as 20,967 and 65,881 kg ha −1 for 0 and 136 m 3 ha −1 , respectively, providing income of 214%.
In relation to dry matter of the over-ground plant parts, the lower yield (4,287 kg ha −1 ) resulted from the absence of 6
The Scientific World Journal cassava wastewater (0 m 3 ha −1 ), in contrast to the highest dose (136 m 3 ha −1 ) which provided the highest dry matter of aerial parts representing an increase in 219% ( Figure  8(b) ). Profits in fresh and dry over-ground plant matters were increased linearly with the lowest and highest yields as response to 0 and 136 m 3 ha −1 of cassava wastewater application, respectively. Under no wastewater application, predicted profits for fresh and dry matter of sunflower capitulum were 10,141 and 2,589 kg ha 
Discussion
Adequate concentrations of available phosphorus in soil range between 21 and 30 mg dm −3 [18] . Thus, the content of the available phosphorus in the cultivated soil was below the optimal levels; however, plants showed no symptoms of phosphorus deficiency leading us to believe that the phosphorus from the cassava wastewater supplied the plants with the needed element. It was reported that the contribution of organic phosphorus to plant nutrition is 6% in fertilized soil and increases to 43% in soil treated with mineral fertilizer, which can promote the absorption of this element by plants [19] . In another study, it was observed that the amount of available phosphorus in soil decreases gradually as a function of the number of grown crops and the removal of this nutrient by plants [20] . Besides the uptake by plants, it is argued that a decrease in available phosphorus in soil may be related to the low solubility of phosphorus compounds in soil and the formation of nonlabile compounds in the soil after application of the waste [21] .
The levels of exchangeable potassium in the soil above 0.2 cmol c dm −3 are considered high or adequate [18] , indicating that cassava wastewater used in this experiment served as a source of potassium and supporting the hypothesis that the potassium content in such effluents was sufficient to increase the levels of this cation in the soil and meet the demand of the cultivated sunflower during the experiment. This outcome was expected since cassava wastewater is rich in nutrients (Table 2 ) especially in potassium, which could explain the increase in exchangeable potassium in the soil due to the application of increasing doses of cassava wastewater. On the other hand, during plant growth throughout the cultivation, as observed for the available phosphorus in soil (Figure 2 ), the plants extracted available nutrients from the soil solution as needed, thus lowering the concentration of adsorbed potassium in the sorptive soil complex. This decrease can be attributed also to the susceptibility to leaching of potassium ions to the lower soil layers, as mentioned in Duarte et al. [3] . The increase in potassium in the soil due to the application of untreated cassava wastewater to soils in regions of Africa was considerable [4, 5] . Studies conducted in Brazil, aiming at evaluating the use of cassava wastewater as an alternative to mineral fertilizers, revealed that potassium levels in the soil increased to a maximum value of 1.30 cmol c dm −3 when 65 m 3 ha −1 of cassava wastewater was applied to the soil [3] .
The exchangeable calcium in the soil showed a similar behavior to the other elements previously discussed with respect to sampling times, indicating that, during the crop cycle, the sunflower plants absorbed calcium provided by the wastewater. Exchangeable calcium levels above 0.4 cmol c dm −3 are considered suitable for the cultivation of sunflower [18] , showing that the concentration of exchangeable calcium in the soil was high, probably due to fertilization with organic waste completed in previous crops.
Behavior exhibited by the exchangeable sodium and magnesium at 63 days after application of cassava wastewater (DAM) is likely related to a competition between these cations and exchangeable potassium and calcium due to the high concentration of the last two elements in the cassava wastewater (Table 2) . When added to soil, they may have been adsorbed by the exchange complex, displacing the exchangeable sodium and magnesium to the soil solution. Once there, the cations, especially sodium, are highly leachable [22] . It is noteworthy that around 60 days after applying cassava wastewater heavy rainfall occurred in the cultivated area. This rain may have promoted the decrease in exchangeable sodium and magnesium, even after applying increasing doses of cassava wastewater, because these cations are highly leachable when present in the soil solution.
In one study, there was an increase in exchangeable calcium in a dystrophic Entisol soil fertilized with different doses of cassava wastewater (0; 12.5; 25.0; 45.0; and 65.0 m 3 ha −1 ) and planted with lettuce, achieving a maximum concentration of 1.55 cmol c dm −3 due to the application of 65 m 3 ha −1 [3] . The levels of exchangeable calcium, magnesium, and sodium in soils located in rural areas close to the Niger Delta, Nigeria, increased during the study period (6 months) due to the disposal of cassava wastewater "in natura" in the environment [5] . Electrical conductivity indirectly represents the total number of cations and anions present in the soil solution [23] . As cassava wastewater is a residue rich in cations and anions, such as K + , Ca 2+ , Mg 2+ , Na + , PO 4 − , and NO 3 − , it is believed that the soil application contributed to the increase in electrical conductivity of the soil saturation extract (CEes). An increase in soil electrical conductivity (CEes) in analyzed soils (spodic Orthic Quartzarenic Neosol with moderate A horizon, Xanthic Hapludox with moderate texture of A horizon, and typical Hapludox with very clayey texture of A horizon, alic mesoferric) was due to the use of cassava wastewater, which replaced the mineral fertilization [10] .
The increase in electrical conductivity of the soil saturation extract (CEes), caused by the use of solid and liquid waste produced during the processing of cassava as a source of fertilization, was observed when maize was cultivated on latosolic dystrophic Inceptisol located in Minas Gerais, Brazil, and CEes of 0.80 dS m −1 was measured when the highest dose of residue was applied [24] .
Soil pH is the single factor that affects the most the availability of nutrients to plants. Optimal pH values are between 6.0 and 6.5; in this range, there is a maximum availability of nutrients and organic matter, an increase in the availability of micronutrients, and a reduction of soil acidity, which is a major limitation of agricultural output [18] .
Thus, it is likely that the application of cassava wastewater to the soil contributed to an increase in pH by addition of exchangeable cations, especially potassium, magnesium, and calcium, which were present in the wastewater ( Table 2 ). The introduction of bases into the soil favors the increase in pH, as these have the ability to adsorb the sorption complex, shifting elements (hydrogen and aluminum) responsible for the potential acidity of the soil solution; once shifted to the soil solution, aluminum precipitates as Al 2 SO 4 , contributing to the increase in pH [25] . The rise in pH is strongly correlated with the increase in base saturation of the soil [11] .
The pH of dystrophic Entisol soil fertilized with 0 and 65 m 3 ha −1 cassava wastewater "in natura" and planted with lettuce rose from 5.08 to 7.72, respectively [25] . However, when studying the effect of the cassava wastewater on chemical, physical, and microbiological characteristics of a typical Hapludox in the coastal plains of the Recôncavo da Bahia, Brazil, the application of cassava wastewater did not alter the pH of the soil [9] . There was an increase in pH of "Oxic Tropudalf " resulting from the application of cassava wastewater to the top soil (0-10 cm), which decreased with increasing soil depth (11-20 cm) and time (5 days). After 10 days of application of the wastewater, the soil pH increased again with increasing soil depth [4] . The increase in soil pH can be caused by the addition of cations present in the waste and a decrease in the reduction potential (Eh), which is related to oxygen consumption during the degradation of organic matter present in the residue; however, the authors emphasize that this increase is transient and reverts to the baseline pH after a certain period of time [26] .
The data obtained in this study suggest that cassava wastewater can be used as a source of fertilizer due to its nutritional input, which can minimize the cost of mineral fertilizers and prevent environmental pollution caused by the indiscriminate disposal of this waste.
The increase in fresh and dry over-ground matter of several crops has been related to organic fertilizers use, such as the cassava wastewater. For example, in one study, evaluating the initial growth of maize fertilized with cassava wastewater "raw wastewater" (0, 11.2, 22.4, and 44.8 m 3 ha −1 ) in two kinds of soil (sand-loam and clay-loam) under greenhouse, significant increases were found in the overground fresh matter of plant parts as a result of the increasing cassava wastewater doses application [27] . On the other hand, despite the fact that the maize fresh matter ranged from 15,532 to 17,869 kg ha −1 as soil fertilization ranged from 0 to 44.8 m 3 ha −1 , the over-ground dry matter of the plant was only affected by the soil kind. In relation to this result, ions in excess in the soil solution, such as potassium, the predominant element in cassava wastewater, could compromise absorption of other essential nutrients for plant growth, such as calcium, magnesium, zinc, and manganese, due to antagonism among them [11] .
The sunflower aerial fresh matter production of (65,881 kg ha −1 ) fertilized with the highest cassava wastewater dose (136 m 3 ha −1 ) was lower than the one found in one research, when growing up four kinds of forages (maize, Sudan sorghum, forage sorghum, and sunflower) in field managed with mineral fertilizers. Among the tested crops, sunflower promoted the highest total fresh matter of the plant parts (83.900 kg ha −1 ), in a sowing density of 60,000
plants ha −1 [28] . However, the dry matter of the plant obtained by those authors was lower than the one found in the present research.
The lower the sunflower fresh and dry leaves and stems matter, the higher the panicles fraction [28] , which offers higher achene production and, consequently, higher oil yield and nutritional value when the crop is used for silage [29] .
In the present work the capitulum dry matter profits when cassava wastewater was used as a substitute for the mineral fertilization were higher than those (3,882.5 kg ha −1 ) obtained in one study when growing the sunflower hybrid BRS 191 in Rhodic Eutrudox (eutroferric Red Latosol) managed with mineral fertilizers [30] . In addition, the responses of capitulum fresh and dry matter presented in our research are similar to those found in another study, when quantifying yield and contribution of achene, leaf, stem, and capitulum in fresh and dry matter of sunflower hybrids Helio 251 and Helio 360 for silage production. They found 1,315.54 and 2,180.89 kg ha −1 of capitulum dray matter and 6,473.65 and 11,648.04 kg ha −1 of capitulum fresh matter for the hybrids Helio 251 and Helio 360, respectively. These results pointed out that cassava wastewater attended the nutritional exigency of the crop in the text.
Conclusions
In this study, the changes in chemical properties of dystrophic red-yellow latosol (oxisol) were evaluated at different sampling times after the reuse of cassava wastewater as an alternative to mineral fertilizer in the cultivation of sunflower. Applying cassava wastewater promoted an increase in soil pH, electrical conductivity of the soil saturation extract, and potassium and exchangeable calcium from the soil. The concentration of available phosphorus, exchangeable calcium, and electrical conductivity of the soil saturation extract decreased after applying the wastewater on the soil, while exchangeable magnesium and sodium increased only at 63 days after the application of cassava wastewater (DAM). Thus, cassava wastewater can provide nutrients to the soil and thus to plants, making it an alternative to mineral fertilizers.
